Aim This study aimed to analyze laboratory predictors, angiographic profile, clinical profile, and risk factors for coronary slow flow (CSF) phenomenon without coronary obstructive lesion in patients who came for a coronary angiogram.
Introduction
Coronary slow flow (CSF) is a common finding in the coronary angiographic studies. CSF phenomenon is characterized by delayed coronary vessel opacification of the distal segment in the absence of significant epicardial coronary artery stenosis. CSF phenomenon presents with various manifestations like myocardial ischemia, life-threatening arrhythmias, sudden cardiac death, and recurrent acute coronary syndromes (ACS). However, the etiopathogenesis of CSF phenomenon remains only partially understood. Endothelial dysfunction, subclinical atherosclerosis, Coronary Slow Flow Phenomenon Rao V. inflammation, ectasia, small vessel disease, and heart failure are suggested as the various pathophysiological factors of CSF This study aims to correlate risk factors, clinical profile, laboratory findings, and angiographic profile and find out the common predictors in patients with CSF.
Material and Methods
The case-control study included patients who underwent coronary angiography between June 1, 2017, and May 31, 2018, in our institute were evaluated. A total of 100 consecutive patients, cases with CSF phenomenon and 100 controls with normal coronary (NC) flow were evaluated in the present study.
Cases: CSF Inclusion Criteria
Patients older than 18 years who present with chest pain or symptoms suggestive of angina equivalent with normal epicardial coronaries on coronary angiography but with the CSF in any of the coronary arteries are studied.
Exclusion Criteria
Exclusion criteria included coronary artery disease (plaque, obstructive lesion), causes of secondary CSF phenomenon (spasm, ectasia), myocardial bridging, valvular disease, and left ventricular systolic dysfunction.
Control Group
The control group (NC) comprised of 100 patients who underwent coronary angiography, which showed normal epicardial coronary artery and normal flow.
Risk factors (age, sex, diabetes, hypertension, dyslipidemia, body mass index [BMI], and smoking), hematology and biochemical parameters like complete blood picture, total platelet count, total and differential leucocyte count, platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR), uric acid, lipid profile, high-sensitivity C-reactive protein (Hs-CRP), and HBA1C were assessed. In both groups, demographic and clinical information was collected, and laboratory parameters were measured and compared.
Coronary blood flow was measured by using corrected thrombolysis in myocardial infarction (TIMI) frame count (CTFC). The slow flow was defined as CTFC beyond 2 standard deviations (SDs) from normal published range.
Coronary Angiogram
Coronary angiogram was performed using optitorque angiographic catheters with manual injection. The angiograms for coronary flow measurement was studied using the CTFC method and the count value which exceeds 27, that is, greater than 2 SDs from the normal published range of 21 ± 3 was noted as abnormal and suggestive of CSF phenomenon as described by Gibson et al. 1 Image frame count of 15 frames/second, and a correction factor of 1.7 for the left anterior descending (LAD) was taken for study.
Statistical Results
Chi-square/Fisher's exact test was studied to compare the statistical significance of categorical variables. Statistical significance of the quantitative variables was analyzed with unpaired Student's t-test. The equality of variances between the two groups was studied by Leven's test. Mann Whitney U test was applied when quantitative variables did not follow a normal distribution. Multivariable logistic regression was applied by using the enter method, and variables which had a p-value of less than 0.05 by univariable methods were included. The statistical software Minitab 17 (Minitab, Ltd., United Kingdom) was used to analyze the data.
Results
This study consists of 100 cases (CSF) and 100 controls (NC) which include 66% and 58% of males, 34% and 42% of females in case and control groups, respectively (►Table 1).
Mean age of case group is 54.97 ± 10.9 years and control group is 55.17 ± 10.8 years. Hypertension is present in 66% and 38%, DM in 67% and 37%, 46% and 14% are smokers, 43% and 19% are alcoholic, and dyslipidemia is present in 65% and 36% in case and control groups, respectively (►Tables 2 and 3 ; ►Figs. 1-5).
Various laboratory parameters like hematocrit, platelet count, platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR), uric acid, total cholesterol, triglycerides, and Hs-CRP were assessed. Inflammatory markers like uric acid (p = 0.03) and Hs-CRP (p = 0.000) were found to be statistically significant. Hematocrit (p = 0.023), NLR (p = 0.001) total cholesterol (p = 0.000), triglycerides (p = 0.000), and BMI (p = 0.000) were statistically significant. PLR has the tendency of statistically significant (p = 0.059) (►Table 4).
LAD (n = 50) is most frequently involved coronary artery followed by left circumflex artery (LCX) (n = 16)) and RCA (n = 34), and right dominant circulation noted in 89% in case group (CSF) (►Table 5; ►Figs. 6 and 7).
The most common presentation was chronic stable angina (CSA) in 56% and the remaining 44% with the acute coronary syndrome (ACS) (28% with the unstable angina [USA] and 16% with non-ST elevated myocardial infarction [NSTEMI]) in patients with CSF (►Fig. 8).
Discussion
This study analyzed the laboratory predictors, risk factors, clinical presentation, and angiographic profile of patients associated with CSF phenomenon. In our study, BMI is a strongly associated factor (p = 0.000) with CSF, which was also similar to other studies reported by authors. [2] [3] [4] Yilmaz et al 2 in a Turkish population study and Hawkins et al 4 in the North American population showed BMI to have an independent association with CSF. In another study performed by Beltrame et al in an Australian population, males and smokers were independent risk factors for CSF. 5 A study in Chinese population showed that hyperglycemia, Hs-CRP, and increased platelet count and uric acid which causes endothelial dysfunction are the risk factors for CSF 6 which is similar to our study population. A study in an Iranian population showed that diabetes and hypertension are independent risk factors for CSF, which is similar to our study group. Because of multiple causative factors for slow flow, the evidence shows the endothelial dysfunction, which causes small vessel disease is the main causative factor responsible for CSF phenomenon. In our study, the common clinical presentation was chronic stable angina (56%) and 44% with ACS (28% with USA), and 16% with (NSTEMI in patients with CSF. Presentation is diverse from atypical chest pain, chronic stable angina or USA, NSTEMI to ST-elevation myocardial infarction (STEMI) Coronary Slow Flow Phenomenon Rao V. Abbreviations: PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; Hs-CRP, high-sensitivity C-reactive protein. as studies by Gökçe et al and Amirzadegan et al 5, [7] [8] [9] [10] show. In a study conducted in the Iranian population with CSF phenomenon, 75% of the patients presented with ACS which is different from our study where CSA is more common.
The most common presentation of CSF phenomenon was nonspecific chest pain (71.9%) followed by ACS (18.4%) and chronic stable angina (8.8%) in a study conducted by Yaron et al 11 in an Israeli population. LAD artery is the most common coronary artery involved (n = 50), followed by LCX (n = 16) and right coronary artery (RCA) (n = 34) which is similarly reported in other study populations. 8, 10 Pontiroli et al 12 in his study population showed that a reduction in BMI after surgical procedures like gastric banding is associated with significant improvement in markers causing endothelial dysfunction, which is the causative factor for CSF phenomenon. BMI is found to be the strongest predictor of coronary slow flow (p = 0.000) in our study population. Newer studies need to be conducted in the future to see whether a reduction in BMI decreases the markers of endothelial dysfunction, which causes CSF phenomenon and improves the coronary flow. The endothelium plays a pivotal role by regulating coronary vascular tone and control coronary blood flow. 13 Measurement of endothelial function, by the brachial artery flow-mediated dilatation (FMD), is impaired in people presenting with CSF. 14 In patients with CSF nitric oxide (NO) bioactivity is decreased, and impaired vascular endothelial function is seen. 15 It is noted that the concentration of adiponectin and paraoxonase activity two critical markers of endothelial dysfunction are markedly reduced in patients with a CSF. 16 High levels of serum uric acid were found in patients with endothelial dysfunction, which is a causative factor for CSF phenomenon. 17 Uric acid is known to induce endothelial dysfunction via down-regulating NO production and by mitochondrial Na + /Ca 2+ exchanger-mediated mitochondrial calcium overload. 18 Besides, Elbasan et al 19 in their study in cardiac syndrome X patients demonstrated a significant positive independent association between levels of serum uric acid and CSF phenomenon. In our study, we found that serum uric acid levels were significantly higher in patients with CSF phenomenon when compared with the control group. There is considerable evidence that CSF occurs as a result of coronary microvascular dysfunction, which is secondary to endothelial dysfunction. It was noted that coronary flow reserve (CFR), as an indicator of coronary microvascular function, is impaired in patients with CSF phenomenon. 20 Reduced CFR is the earliest manifestation of coronary atherosclerosis. Kanbay et al 21 showed that uric acid has a role in coronary microvascular disease and CFR. Uric acid by inducing vascular smooth muscle cell proliferation and causing increased oxidative stress via the vascular renin-angiotensin system causes coronary microvascular disease. 22 Güllü et al 23 have found that serum uric acid levels are inversely related with CFR which have a role in coronary microvascular disease in healthy individuals. Cin et al 24 investigated coronary artery morphology in patients with CSF phenomenon and found out that diffuse intimal thickening, atheroma, does not cause luminal irregularities and widespread calcification in the coronary vessel wall, suggesting that the CSF phenomenon is a form of early-stage coronary atherosclerosis in their coronary angiographic analysis of patients with CSF. Consistent with our results, Naing et al recently found that uric acid was the most important determining risk factor for CSF phenomenon.
Inflammation has a vital role in the pathogenesis of CSF; the association of CSF with inflammatory markers remains Coronary Slow Flow Phenomenon Rao V.
controversial. Association of inflammation with CSF is noted in various studies. 25 NLR ratio provides an easy but also a promising method to screen for systemic inflammation, and it is widely used as a marker for CSF cardiovascular diseases. 26 Elevated NLR and serum uric acid is indicative of a systemic inflammatory response and was found to be associated with CSF 27, 28 and statistically significant (p = 0.001). In some studies, elevated hemoglobin or hematocrit is noted in patients with CSF, 29, 30 which does not have statistical significance as noted in other studies. 31, 32 In our study, hematocrit was statistically significant (p = 0.002); Cetin et al showed blood viscosity, which is based on hematocrit and total serum protein, is an independent predictor of CSF. 33 Endothelial dysfunction is induced by increased blood viscosity in patients with CSF phenomenon. Platelet activation is precipitated by increased blood viscosity and shear stress in coronary arteries. 34 In recent studies, PLR is found to be higher in patients with CSF. 35, 36 PLR is raised in CSF cases and has a tendency for being statistically significant (p = 0.059).
Earlier studies have shown that endothelial dysfunction, subclinical atherosclerosis, inflammation, small vessel disease, and anatomy of coronary arteries are the causative factors for CSF phenomenon. The current findings showed that CSF is a part of systemic vascular disorder and inflammation.
Further studies are needed to reveal the pathogenesis causing CSF. Large-scale clinical studies are necessary to characterize the CSF phenomenon better and investigate various potential therapeutic approaches.
Limitations
The design of our study is descriptive and retrospective. A single-spot blood sample was taken, and the temporal trend of changes during hospitalization was not known.
Conclusions
CSF was common in males, smokers, and DM patients and is associated with high NLR, uric acid, and Hs-CRP levels. We found BMI, Hs-CRP, total cholesterol, and triglycerides to have an independent risk factor associated with CSF phenomenon in our study. These findings provide an additional impetus for further studies to confirm the role of other inflammatory markers in CSF patients and treatment strategies depending on that.
